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Abstract: Black spot disease is associated with the breakdown of chitin by chitinolytic bacteria resulting in
extensive black lesions across the body of crustaceans. Black spot is prevalent across most fished crustaceans
worldwide. Severely infected individuals are rejected from the fishery resulting in financial loss to both fisher’s
and seafood export and processing companies. Ecologically, populations with high infection rates may have
increased mortalities resulting in fewer individuals surviving the population. The prevalence and severity of
shell disease in the edible crab, Cancer pagurus, of various size classes, was assessed via scaled images taken
from crabs sampled within the Berwickshire Marine Reserve, UK. A total of 22.4% of individuals across all size
groups were found to contain black spot lesions. Male crabs were more commonly affected (26.21%), with more
body parts showing lesions and a greater overall blackspot coverage (1.75%) than females (16.43% and 1%
respectively). Crabs under the MLS (140mm) showed a significantly higher black spot coverage, but size did
not significantly affect infection rates. Carapace and chelae were the most commonly affected areas. Compared
to previous studies the Berwickshire Marine Reserve has a relatively low prevalence of black spot disease in
Cancer pagurus.

Keywords: Cancer pagurus; disease; fisheries; black spot; fisheries management

Key Contribution: Black spot disease infection rate varies between sexes with males having higher overall
infection rates, a greater number of body parts with lesions and a larger percentage of body coverage than
females. Crabs under the current minimum landing size (MLS) show significantly higher black spot coverage
than those above.

1. Introduction

The polysaccharide, chitin, is a (-(1,4)-linked polymer of N-acetyl-d-glucosamine, found
commonly in the marine environment, and forming a key component of the exoskeletons of many
crustaceans [1]. These chitinous exoskeletons can be broken down in the environment by chitinolytic
bacteria, usually after moulting or post-mortem, in the process of nutrient recycling [2]. The
condition commonly known as “black spot” [3], but also as black necrosis [4] or shell disease [5,6],
is associated with the breakdown of chitin by chitinolytic bacteria in live crustaceans and is
characterised by the formation of black necrotic lesions on the body of the animal extending through
the cuticle of the shell [2]. Black spot can be contained, to an extent, by the immune response of the
crab, or the moulting of the infected exoskeleton, but mortality can occur due to the necrosis
associated with severe infection, or the prevention of moulting due to adhering of the old exoskeleton
to the new at the site of the lesions [7-9]. Black spot is found globally and is seen in many species of
crustaceans [10], however the focus of this study is on the commercially important edible crab, Cancer
pagurus.

Found over a relatively large geographic area from Norway to Portugal [11,12] C. pagurus
inhabits rocky shores in a variety of habitats (e.g. bedrock, coarse sand, kelp holdfasts) from intertidal
areas to depths of around 400m [13,14]. A narrow temperature (4 - 15°C) and salinity (17 PSU) range
may play a role in choice of habitat [13,15,16]. A commercially important species throughout its
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distribution with catch increasing in the UK from 10,000 t in 1950 to 32,500 t in 2014 [17,18]. Currently
worth £13.8 million in Scotland alone in 2015, with increasing landing trends this number is expected
to increase year-on-year [19]. Annual landings for the UK were in excess of 31,632 tonnes worth £74.3
million in 2019 [20,21].

The chitinolytic bacteria responsible for black spot has been isolated and characterised by Vogan
et al. [2] and a review by Getchell [22] found several genera responsible for black spot lesions
including Vibrio, Aeromonas, Pseudomonas, Alteromonas, Flavobacterium, Spirillum, Moraxella, Pasteurella
and Photobacterium. Increased prevalence of black spot within C. pagurus populations has been linked
to degraded environmental conditions and areas of increased pollution [23,24] or physical damage to
the crabs’ exoskeletons linked to mechanical fishing gear, sediment scouring and aggression between
individuals [8,25]. Additional factors previously considered to affect the incidence rates of black spot
include the depth at capture, seasonality, difference between sexes and Sacculina carcini infestations,
but no clear relationships have been determined [24,25].

Around 20-30% of the populations targeted by fisheries (Ayres and Edwards., 1982) including
prawns [5], lobsters [5], and crabs [10,26] are susceptible to black spot lesions. This poses a financial
loss to fishers, as crabs displaying excessive carapace disease are typically rejected due to its effect on
the quality of the meat [27].

The primary aims of this study were to assess the prevalence of black spot on both a fished
(>140mm carapace width (Minimum Landing Size (MLS)) and juvenile non-fished population
(£139mm carapace width) of C. pagurus within a voluntary marine reserve. Secondary aims are to
determine the percentage coverage of black spot lesions and determine if differences exist between
crabs of different size and sex. The final aim is to compare infection rates with other geographical
areas around the UK.

2. Materials and Methods

Intermoult crabs were collected from within the Berwickshire Marine Reserve (BMR) (St Abbs,
Berwickshire, UK). Large (>121mm) and medium (80 — 120mm) crabs were caught by local
commercial fishing boats using double and single eye parlour creels. Small (<79mm) crabs were
collected via intertidal shore surveys within the BMR. Collection and analysis of both methods
described above were conducted from May 2018 — May 2019.

The weight (g), carapace width (CW) (mm), sex, and condition index [28] was obtained prior to
photographs being taken of the top and underside of the crabs next to a marked scale. Images were
loaded individually into Image] (Version 1.52a), the scale was set using a known distance (scale in
the image or known carapace width of the crab), black necrotic areas were then measured using
Image], and the total coverage assessed compared to the area of the crab’s body (Figure 1).
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Figure 1. Black spot lesions on the carapace and chelae of C. pagurus.

Analysis was conducted comparing the prevalence of the disease in males and females
separately, the significance of the location of disease and the significance of the size of afflicted crabs.
For size analysis, crabs were first grouped both by MLS (>150mm) and undersized (<150mm), and
then further sub categorized into size groups of small (<79mm), medium (80 — 120mm) and large
(>121mm) as per Scott et al. [28] which was subsequently based upon sexual maturity. The location
of black spot was divided into sections based on the crab’s anatomy; carapace, chelae, telson and
pereopods.

2.2. Statistics

Data of disease occurrence was analysed using log linear analysis. The effects of variables were
compared using chi-square tests. All other data is expressed as mean + standard error (SEM) and
were tested using non-parametric tests to distinguish where significant differences lay. Mann-
Whitney U-test was used where only 2 sample groups existed and Kruskall-Wallis test was used for
multiple group comparison. Frequency data were analysed using a log-linear model with disease
occurrence as the dependent variable and size, and sex as independent variables. Results were tested
at a significance level of p<0.05. Statistical analysis was conducted using STATISTICA (version 7.1,
StatSoft In. 2005).

3. Results
Crab Sex

Loglinear analysis showed significant differences in the frequency of black spot between female
and male crabs (p<0.01). Presence of black spot in male crabs was at a ratio of 3:1, healthy: infected,
compared to females with a ratio of 5:1. In males 26.21% of crabs were infected, while in female crabs
the rate of infection was 16.43%.

Crab Size

There were no significant differences found in the prevalence of black spot in either the
comparison of undersize to MLS or in comparison of the small, medium and large size classifications
(p>0.05). The percentage of black spot occurrence ranged from 21.4 — 28.6% throughout all the size
groups (Table 1).
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Table 1. Black spot infection rates between difference size groups.

Size group No. infected No. healthy Total Percent infected Percent healthy
MLS 34 125 159 21.4% 78.6%
Undersize 132 449 581 22.7% 77.3%
Total 166 574 740
Small 8 20 28 28.6% 71.4%
Medium 48 162 210 22.9% 77.1%
Large 110 392 502 21.9% 78.1%
Total 166 574 740

Location of Black Spot

The location of visible blackspot lesions was found to be significantly more frequent on the
carapace and chelae of crabs in comparison to the telson and pereopod areas (p<0.01) (Table 2). There
were no significant differences in the location of black spot in relation to crab size (p>0.05) or in
relation to sex (p>0.05). The presence of black spot in multiple areas of the crabs’ body was found to
be significantly higher in males (p<0.01) than females.

Table 2. Frequency and percentage of crab body sections infected with black spot.

Frequency Percentage

Carapace 125 69.1%
Pereopod 7 3.9%
Chelae 37 20.4%
Telson 12 6.6%
One part of body 153 92.2%
Multiple parts of body 13 7.8%

Degree of Black Spot Infection

Male crabs had significantly higher black spot coverage compared to female crabs (p<0.05).
There was no significant difference found in the relative black spot area of the small, medium and
large class sizes (p>0.05) (Table 3). Undersize crabs, however, were found to have significantly larger
relative black spot areas in comparison to MLS crabs (p<0.05).
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Table 3. Percent coverage of black spot across size groups in infected C. pagurus.

N Mean Minimum Maximum Variance S.D S.E

Combined 125 1.53 0.01 13.71 3.64 1.91 0.17
Undersize 104 1.69 0.01 13.71 4.15 204 0.2
MLS 21 0.75 0.03 2.4 0.41 0.64 0.14
Small 8 0.71 0.08 1.72 0.32 0.56 0.2
Medium 40  1.83 0.19 7.7 3.72 193 03
Large 77 147 0.01 13.71 3.88 1.97 0.22
Male 89 1.75 0.01 13.71 4.38 2.09 0.22
Female 36 1 0.03 5.92 1.45 121 0.2

4. Discussion

Results from this study highlight that male crabs tend to exhibit a significantly higher rate of
infection of black spot lesions, significantly more body sections infected, larger overall area and larger
lesions when black spot is present. These findings are consistent with those obtained in past studies,
finding an average of 61.3% of male crabs were infected with the disease, compared to 40.1% of
females [8,9]. This increase in prevalence and size of black spot is hypothesised to be due to the
increased aggression demonstrated by male crabs [29,30] and leading to exoskeleton damage and
increased risk of chitinolytic bacterial infections [8,9]. Female crabs of sexual maturity (~110mm)
may be ‘berried’ (carrying eggs under abdomen) for 7 to 9 months [31]. These female crabs limit
movement and reduce foraging thus lessening their chance of scouring damage as well as reducing
the likelihood of them being caught by baited traps [31]. Berried crabs are also thought to avoid
burrowing backwards when carrying eggs, something seen in male and un-berried female crabs,
potentially preventing excess scouring damage [8,9]. Haig et al. [32] found that an infection rate of
9.6% with 7.27% of the sampled females (mean CW = 115mm) and 12.87% of sampled males (mean
CW = 123mm) showing signs of black spot disease. This study also highlighted that crabs from
Scotland and Isle of Man populations had a higher infection rate with 26.35% and 12% respectively.

A study by Ayres and Edwards [3] found that the occurrence of black spot was a naturally
occurring condition that was found more commonly in older animals when moult frequency is
reduced. In this same study it was determined that black spot was more common in areas that were
lightly fished than in established, heavily fished areas. This is thought to be due to the removal of
older individuals with higher infection rates.

No significant relationship was found between crab size and the prevalence of black spot
infection within this study. This, however, contradicts previous literature that found greatest
prevalence of black spot with increasing crab size [8,9]. This study found undersized crabs to possess
a significantly larger relative area of black spot infection when compared to crabs of legal catch size
(>140mm). To date there has been limited black spot assessments that have incorporated juveniles,
with studies instead focusing on the commercially fished populations. These size biased surveys may
partly explain why higher infection rates were found in juveniles than older crabs as previously
reported. Juvenile crabs inhabit areas that have significantly higher biomass such as kelp forests and
algal beds [33-35] and as such experience higher rates of predation, competition for food and shelter,
and due to the nature of intertidal areas, more significant changes in water movement, salinity and
temperature. These factors could also play a role in the increased black spot found within juveniles
by increasing the likelihood of carapace damage via intra and interspecific conflict, high periods of
wave activity or via anthropogenic means such as fishing and infrastructures such as harbours.
Changes in salinity and temperature have been found to cause physiological stress which reduces
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immunocompetence [36]. In a recent studies exposure to electromagnetic fields (EMF) was found to
result in increased physiological stress within both juvenile and adult C. pagurus [37,38]. This suggests
that higher levels of black spot may occur around renewable energy devices such as offshore wind
farms, due to increased physiological stress from EMF. Scour protection zones around wind farm
turbine bases have been shown to create 2.5 times more habitat than is lost by the array installation
[39]. Holes drilled into the scour protection areas have been shown to increase the carrying capacity
per turbine to around 65,000kg of fish [39]. The addition of holes of various sizes, transforms the
scour protection blocks into artificial reefs which can enhance the abundance and diversity of species,
including commercially important crustaceans [40,41]. This increase in abundance, combined with
the previously described attraction to EMF from nearby power cables [37] could increase conflict
resulting in carapace damage and lower immunocompetence which may ultimately lead to an
increase in black spot prevalence.

5. Conclusions

Black spot infection rates found within this study confirmed previous findings that males tend
to show higher rates of infection, more parts of the body infected and greater overall black spot
coverage than females. Size was not found to be a significant factor in black spot infection rates,
however undersized crabs did show significantly higher coverage of black spot, predicted to be due
to MSL crabs being removed from the habitat by fishing. When black spot was detected, there were
higher rates of lesion on the carapace and chelae than anywhere else on the crab’s body. The
Berwickshire Marine Reserve is situated in an area with excellent water quality, with salinities,
temperature, Nitrate, Phosphate, Ammonia and Silicate concentrations monitored throughout the
year by Marine Scotland and St Abbs Marine Station. As such relatively low infection rates of 21.4-
28.6% do not appear to be a cause for immediate concern. Previous studies have reported significantly
higher rates of infection within local populations (55% total sampled crabs and 88% MLS crabs),
which may have far reaching impacts both financially in terms of fishery rejection and ecologically
by impacting the reproduction of females.
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